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Foreword

ISO (the International Organization for Standardization) is\ 4 worldwide
federation of national standards bodies (ISO member bodiées). The work of
preparing International Standards is normally carried.out through SO
technical committees. Each member body interested in a subject for which
a technical committee has been established has theright to be represented
on that committee. International organizations,. governmental and non-
governmental, in liaison with ISO, also take” part in the|work. I1ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies‘for voting. Publication as an |nternational
Standard requires approval by, at least 75 % of the member ies casting
a vote.

International Standard 4SO 11520-1 was prepared by Technica] Committee
ISO/TC 23, Tracters® and machinery for agriculture and forestry,
Subcommittee SC-7, Equipment for harvesting and conservatiop.

ISO 11520_consists of the following parts, under the general title
Agricultural-grain driers — Determination of drying performance:;

—~Part 1: General

— Part 2: Specification of crop quality, moisture content and perform-
ance correction method

Annex A forms an integral part of this part of ISO 11520. Anngxes B to E
are for information only.
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Introduction

It is envisaged that many grain drier tests will be carried out by
independent [bodies, either to help manufacturers in development work or
for specification of performance to potential purchaser/owner or other
interested bagdy. While it is possible to conduct a test on the basis that only
input and oufput parameters are recorded, the extra cost of making internal
measuremerts is likely to be small relative to the benefit in a diagnostic
sense of the additional data. For this reason the standard includes
procedures tp make such measurements.
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Agricultural grain driers — Determination of drying performance —

Part 1:
General

1 Scope

This part|of ISO 11520 describes methods for evaluating the drying performarice of continuous flow and batch grain
driers. Tme methods specified are for determining the evaporation rate which the machines concerned are able to
achieve Under the steady-state conditions prevailing during the tests. Methods for correcting observed performance
to other ihput and standard ambient conditions are described.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO 11520. At the time of publication, the editions indicated were valid. All standards are subject to rgvision, and
parties tg agreements based on this part of ISQ 11620 are encouraged to investigate the possibility of applying the
most recent editions of the standards listed below. Members of IEC and ISO maintain registers of currently valid
Internatignal Standards.

ISO 52041977, Cereals and pulses —Determination of the mass of 1 000 grains.

ISO 71211985, Cereals and cereal.products — Determination of moisture content (Routine reference method).
ISO 3966:1977, Measurement of fluid flow in closed conduits — Velocity area method using Pitot static fubes.

1ISO 7194:1983, Measurement of fluid flow in closed conduits — Velocity-area methods of flow measurement in
swirling pr asymmetrical flow conditions in circular ducts by means of current-meters or Pitot static tubes.

ISO 7971:1986,<Cereals — Determination of bulk density, called “mass per hectolitre” (Reference methdd).

3 Definitions

For the purposes of this part of ISO 11520, the following definitions apply.

3.1 continuous-flow drier: Drier in which the material being dried moves through the machine in a substantially
continuous stream and is discharged without being recirculated.

3.2 batch drier: Drier in which the drying chamber is completely emptied between the drying of separate batches
of grain.

3.3 ambient air temperature and relative humidity: Mean dry bulb temperature and mean relative humidity of
the atmosphere measured as close as possible to the main air intake(s) of the drier, but not affected by the drier;
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the mean value of relative humidity over a period is that corresponding to the mean absolute humidity and mean dry
bulb temperature of the air over that period.

3.4 standard ambient conditions: Ambient conditions of temperature, pressure and relative humidity to which
the results of a drier test shall be corrected.
NOTE — See ISO 11520-2.

3.5 steady state: For a continuous-flow drier, a period during which both the moisture content of discharged grain
and the temperature of the exhaust air are stable.

3.6 residJnce time: For a continuous-flow drier, the mean time taken for grain to travel from the-input to the
output.

3.7 stabillzation period: Period during which a continuous-flow drier is operated so that it\approachgs steady
state.

residence time, or a batch drier, completing a single full cycle of drying and cooling, is monitored to dnable its

3.8 test Fiod: Period during which a continuous-flow drier, operating at a singlé $teady state for at least one
thermodyn

mic performance to be assessed.

3.9 input moisture content: Mean wet basis moisture content (m.c.wb.)-of the grain entering the drier during the
period of time equal to a test period and beginning one residence time-prior to the start of the test period.

3.10 output moisture content: Mean wet basis moisture content (m.c.w.b.) of the grain leaving the drief during a
test period.

3.11 inpul: Mean mass flow rate of damp grain at the,input moisture content into a continuous-flow drief during a
test period.

3.12 outpput: (continuous-flow drier) Mean mass flow rate of dried grain which is output during a test periqd.

3.13 output: (batch drier) Mass of-the dried batch divided by the sum of the test period and the filling and
emptying period.

3.14 volumetric drier holding capacity: (continuous-flow driery Volume of grain in the drier after a period of
stable operation.

3.15 volumetric. drier holding capacity: (batch drier) Volume of grain required to fill the drier at the input
moisture coptent.

3.16 drying air temperature: Mean femperature of the air to be used for drying the grain, measured at a number
of points as close as practicable to its entry to the grain bed.

3.17 cooling air temperature: Mean temperature of the air to be used for cooling the grain, measured at a
number of points as close as practicable to its entry to the grain bed.

3.18 exhaust air temperature: Mean temperature of the air exhausting from the drier.
3.19 discharged grain temperature: Temperature of grain immediately after discharge from the drier.

3.20 evaporation: Total mass of water evaporated during a test period.
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3.21 evaporation rate: Mean rate of evaporation measured over the test period for a continuous-flow drier or

over the

3.22 specific total energy consumption: Total energy used per kilogram of water evaporated.

NOTE — Energy used by conveyors and elevators is not included unless they form an integral part of the drier.

residence time for a batch drier.

3.23 specific thermal energy consumption: Thermal energy used per kilogram of water evaporated.

3.24 indirect heating: Form of heating in which a heat exchanger is used to heat the air for drying.

3.25 direct heating: Form of heating in which a drier uses fuel that is combusted in the air which is passed

through

e crop.

4 Symbols and abbreviations
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Quantity Unit
total mass of grain required for test kg
rated output kg/s
evaporation mass kg
fuel consumption kg/s
holding capacity of drier kg
net calorific value of fuel J/kg
electrical current A
specific fuel consumption kg/kg
moisture content of grain, wet basis %
anticipated number of test periods 1
power w
specific heat consumption J/kg
specific energy consumption J/kg
electrical tension Vv
volumetric capacity of drier m3
energy consumption J
flow rate of heating media in heat exchanger kg/s
specific heat-capacity J/(kg-K)
depth of grain bed m
facedrea at point of air entry to grain bed m?2
correction factor for air density 1
specific enthalpy J/kg
mass of grain kg
mass flow of grain kg/s
pressure Pa
air volume flow rate m3/s
air mass flow rate kg/s
proportion of air recirculation 1
standard deviation

duration of test period s

air superficial velocity m/s
mass of water kg
absolute humidity of air kg/kg
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Symbol

€ c Ao om Q

cos¢
n

Quantity

thermodynamic temperature of air
relative error

Celsius temperature of air

density

residence time in drier

specific volume of dry air

relative humidity of air
power-factor

thermal efficiency of heater

Unit

°C
kg/m3

m3/kg

©1S0

Subscripts

X £ < ~T0Wo0O3"TaQ@="0QO0OCTH®

5 Princi

For continu
state condi
basis is to

ambient, atmosphere
barometric

cooling

drying

electrical

final; at drier exit
grain

heating media in heat exchanger
initial, at drier inlet
total

observed value

thermal
vapour
wet bulb
exhaust

ble

corrected value at standard or specified conditions

pus-flow drying the basis of the test is to monitor the drier during a relatively short period wit
ons fully established, rather than over a long period with fluctuating conditions. For batch driers the
onitor the drier-during a full cycle of operation. This approach allows

— the drigr to achieve maximum evaporation for the test conditions;

— the coerarison of results between different driers;

h steady-

— the results to be corrected to specified input and standard ambient conditions.

6 Instrumentation and specifications

6.1 Automatic recording

It an automatic recording system is used, it should be as immune as possible to electrical interference induced in
the sensor cables by nearby electrical equipment. Sensor cables should be installed, as far as possible, away from
cables carrying large currents.
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6.2 Sensors for air properties

6.2.1 Air temperature

The temperature measuring system shall have a maximum error of 1 °C or 1,5 % of the measured value in degrees
Celsius, whichever is greater. Radiation shielding shall be used where a sensor is in direct line of sight of surfaces
which have temperatures greater than 500 °C.

Sensors shall be capable of maintaining the prescribed accuracy when operating in an airstream which may contain

dust and

fine particles.

6.2.2 Air humidity

Measurin
humidity |

g systems for relative humidity (r.h.) shall have a maximum error of five percentage pointl: of relative
Other sensors shall be sufficiently accurate to enable r.h. to be calculated to within five percentage points.

6.2.3 S]:tic pressure

Sensors

hall be constructed in accordance with ISO 3966. A manometer of suitable range, and able to operate in
different mode, is required. It shall have a maximum measurement error of 5 % of the’'measured value.

6.2.4 Birometric pressure

Iif an an

oid barometer is used, its calibration shall be checked.

6.3 Grrin properties

6.3.1 G
The moi$

NOTE —

ain moisture content

ture content of samples of grain shall be determined in accordance with ISO 712.

If moisture content is determined by the rapid method, although rapid moisture meters are not, in

general, very

accurate they are normally consistent between samples-aver short periods and so provide a very good indicatioh of trends in
the moistire content of grain being discharged fromthe drier.

6.3.2 Grain mass

The mags of grain discharged fromthe drier shall be measured on a device with a maximum error gf 1 % of the
measurgd grain mass.

The mass of any tare,-e:g. trailer, should be as small as feasible. If the mass of grain is determined by

two masdes, this will increase the error in the measurement of grain mass.

6.4.1

subtraction of

Electricity consumption shall be measured by an integrating measuring instrument or by continuous measurement
of voltage, current and power factor.

6.4.2 Fuels

If the fuels is combusted in situ, the net calorific value of the fuel shall be

— determined in accordance with an appropriate national standard;

— taken from an appropriate source, e.g. the standard specification of the fuel; or

— the value certified by the supplier.


https://standardsiso.com/api/?name=1210baec7d2c6ca4d83c3532e8fbecf0

ISO 11520-1:1997(E) ©1S0

The method of measurement of the mass of fuel depends on the energy source for the air heater, e.g. liquid

petroleum fuel (diesel oil, liquified gas, etc.), gaseous fuel (natural gas, propane, etc.), solid fuel (coal, straw, etc.) or
thermal fluid (hot water, steam, etc.). See annex C.

7 Preparation for test

7.1 Specification of the drier

A record shall be made of the drier specification. Annex E gives a checklist to be followed. As many of the points in
the checklis i

7.2 Preparation of grain
For a continuous-flow drier, the quantity of dry grain required for a test is given by

A=11[[G+N(1,5G + By)]

where G is taken to be the nominal drier holding capacity. This formula provides for*1,5 complete residencd times to
separate earh test period and a safety margin of 10 %.

For a batch drier, the minimum quantity of dry grain required is
A =NG
If a safety fgctor is required, the quantity shall be increased to:

A=(N4+1)G

7.3 Installation of sensors

ors for air temperature

Sensors for temperature shall have-a maximum error of 1 °C of 1,5 % of the measured value in degrees Celsius.

Sensors shall be installed‘in the air stream as close as possible to the point where it enters the grain bed. To detect
spatial gradlents in air temperature as it enters the grain bed, a minimum of six sensors shall be installed, equally
spaced on g two by:three grid.

NOTE — Particular care should be taken to install additional sensors at the locations where the highest tempergtures are
likely, as the i i i i 10 grain.

7.3.1.2 Cooling air temperature

At least one sensor shall be installed in the air stream as close as possible to the point where it enters the grain
bed. However, sensors shall not be installed close to surfaces which will be hot during the test.

7.3.1.3 Temperature of air inlet(s) to heater

Install at least one sensor shielded from sources of radiant heat.

NOTE — This temperature is required to calculate the temperature rise of the air over the heaters.
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7.3.1.4 Exhaust air temperature

Sensors shall be installed in the air stream as close as possible to the point where it leaves the grain bed. To detect
spatial gradients in air temperatures at the point where air leaves the grain bed and to give overall exhaust air
temperature, a minimum of six sensors shall be installed, equally spaced on a two by three grid.

Exhaust air temperatures indicate the progress of drying. For example in a continuous-flow drier, the approach to

steady-state can be detected by steady values of exhaust air temperature from the whole drier, and particularly the
exhaust air temperature at the end of the drying section. One of the sensors shall be installed at this point.

7.3.1.5 Fitted sensors

To chec1< the placing and calibration of any temperature sensors supplied with the drier for monitoring or controlling
temperature, place an additional sensor close to each one.

73.2 S£nsors for humidity of inlet air (drying and cooling)

For driefls not employing any recirculation of exhaust air, a single sensor shall be located in the air to be heated for
the dryirlg section.

7.3.3 Direct method for determining grain temperature
The dirgct method for determining grain temperature should preferably be used. In this method, for the
measurgment of ingoing and outgoing grain temperatures, sensors.shall be installed in the buffer zone jor discharge
hopper of the drier.

Sensors|installed in the grain bed to measure grain temperature shall not be subject to a flow of air, otherwise they
will tend|to register the air temperature. This is particularly:so for a discharge hopper where there may be

— air lpakage through the grain, and
— graip in the ventilated beds.

In these|cases the sampling method given.in 8.2.4.1 should be used.

7.3.4 Sensors for air static pressure

Sensorg shall be installed to-measure the difference in static pressure across the grain bed(s), ang across the
fan(s).

8 Grgin.sampling

8.1 Before the test

This procedure shall be carried out whether or not the grain is to be dampened.
Mentally divide grain bulk into approximate lots of 20 t each.
From each lot, take 40 samples of not less than 50 g each and bulk to provide one 2 kg sample.

For each 2 kg sample, mix by sample divider and remove, by sample reduction, 100 g. Determine the moisture
content as specified in ISO 712.

Take a 200 g sample from the remainder of each 2 kg sample, seal each in a fine-mesh bag and dry with
substantially unheated air prior to storage in a moisture proof container at 10 °C. Determine the mass of
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1 000 grains in accordance with ISO 520 and the moisture content in accordance with 1ISO 712. Germination and
purity are analysed as specified in ISTA (International Seed Testing Association) rules.

Bulk and mix the remaining grain from each 2 kg sample and reduce the whole by sample dividing to a 3 kg sample,
seal in a netting bag and, if necessary, condition to a suitable moisture content for storage. Determine bulk density
by a method in accordance with ISO 7971.

8.2 During the test

8.2.1 Choice of sampling points

If the average condition of outlet grain is required, sampling should be done after the grain has passed any fevice in
the grain handling line which mixes the grain, e.g. a screw conveyor. If grain is discharged in batches from|the drier
or from a hgpper, care should be taken that the samples taken are representative of the batch, as the properties of
the first and| last grain in the batch may be significantly different. The position of inlet sampling_point, which should
be downstrgam of devices such as grain cleaners, is less critical than that of the output sampling point as the grain

conditions afe not likely to vary greatly. Samples may be taken from the drier itself to determine the properties of the
grain inside the machine.

8.2.2 Quantity per sample
For each sample, at least 50 g of grain shall be taken from an extracted volumie of 1 I.

NOTE — Sgme analyses may be done on each individual sample, e.g. moisturé determination, whereas others may be done

on samples fprmed by bulking individual samples over a test period, if information on variations during the test perjod is not
important.

8.2.3 Frequency of sampling for grain moisture content

8.2.3.1 Continuous-flow driers
The frequency of sampling from the outgoing grain stream(s) shall be such that a minimum of 12 samnples are

obtained, spjaced evenly over a test period. The'timing and frequency of sampling of the ingoing grain stréam shall
be such that

— the graip sampled corresponds with that which will leave the drier during the test period, and
— a minimum of 12 samples evenly spaced in time are obtained.

NOTES
1 This may aEean that some input samples are taken but later found to be unnecessary.

2 During stapilization periods the sampling rate of outgoing grain can be reduced.

8.2.3.2 Batch<driers

At least 12 samples from the batch of grain to be dried shall be taken, spread evenly over the loading period. At
least 50 samples from the batch of dried grain shall be taken during emptying, spaced evenly over the unloading
period.

8.2.4 Treatment of samples
8.2.4.1 Sampling method for determining grain temperature

Each of the 12 samples for temperature determination shall be tested immediately. Grain shall, within 5s of
sampling, be placed and held in a preconditioned insulated container until a temperature sensor in the container has
reached a maximum. The temperature shall then be recorded.
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NOTE — A vacuum flask of at least 500 g capacity is a suitable container and can be preconditioned by filling with a sample
from the same source which is then discarded.

8.2.4.2 Moisture determination

Samples for moisture determination shall be placed in sealed containers until required for analysis. Because
samples may be warm and moist when they are placed in the containers, some condensation may occur on the
inside of the container. Care needs to be taken that all such moisture has been reabsorbed before the container is
opened for analysis.

NOTE — Polythene (polyethylene) bags which are heat-sealed or polythene bottles with tightly fitting lids have been found
suitable.

8.2.4.3 |Other analyses

Sampleg for other analyses shall be bulked for subsequent analysis; as far as possible samples-taker| at adjacent
intervals|shall be bulked to accumulate sufficient grain for testing.

NOTE —| This is to retain, even in the bulked samples, the time variation which may be important for later assessment of
performa[ce.

Care negds to be taken that each bulk is thoroughly mixed before subsequent use:

8.2.4.4 |Germination

If samples for germination are taken, they shall be placed in air-permeable material and ventilated with air at a
temperature of less than 30 °C until 15 % m.c.w.b. is reached.

8.3 Determination of grain mass
8.3.1 Tjming

Where the output grain stream is continuous the flow shall be diverted for weighing during a timed pefiod equal to
the test period. The diverted grain shall be that-material which left the drier during the test period, so the diversion
may nejd to be delayed at the start and end-of the test period depending on the time taken by the grain to be

transported from the discharge of the drier'to the diversion point. If the drier has an intermittent or cyclically varying
discharge, the test period shall start and.end at the same point in the discharge cycle.

8.3.2 Lpss of material in exhaust airstream

Care shall be taken to ensurée-that amounts of grain removed in the exhaust airstream are small.
NOTE — [f there are no)grain leaks, the loss of mass of the grain on drying comprises the water evaporated and any particles

lost in the exhaust air:-If\the grain is reasonably free of dust and small particles, the latter will be negligible unlgss grains are
entrained in the airstream and carried out of the grain chamber.

9 Testprocedures

The drier shall be connected to all required services as specified by the manufacturer and shall be in working order.
The required proportion of cooling shall be set.

9.1 Continuous-flow drier
9.1.1 Startup
Fill the drier with damp grain.

Switch off any automatic control of discharge rate.
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Route the output grain to a discard store.

Set the required drying air temperature using the manufacturer's installed proprietary equipment.

Set the discharge mechanism to give an output rate corresponding to an appropriate reduction of grain moisture.
Start up the drier following any recommended procedures.

Although some alteration of settings may be necessary initially, once suitable settings have been found, they shall
be left unchanged for stabilization period and the test period.

9.1.2 Stabilization period

Begin samp|ing input and output grain. On a time base, plot moisture contents determined by the rapid metllod.

After one cgmplete residence time, as indicated by the discharge of a mass of grain equal to the capacity of the
drier, the onget of steady state shall be judged by

— the stabjilization of the moisture content of the output grain determined by the rapid method, and
— the temperature of the exhaust air form the end of the drying section.

The drier shall be at steady state during the test period, therefore sufficient time for good stabilization [shall be
allowed.

NOTE — Since the progress to steady state is asymptotic it is usually not possible to determine precisely its onset afd it often
takes longer than the duration of one residence time.

9.1.3 Test period
The test perjod shall begin at a convenient time, and as soon.as possible after steady state is reached.

At a prearranged signal or time, divert the output grain into the facility [e.g. holding bin or trailer(s)] where it is to be
accumulated for the test period.

Record the start time of the test period such that-any automatically recorded data specific to the test periofl can be
identified dufing later analysis.

Record the initial values of any integrating meters, e.g. monitoring fuel or electricity consumption.
Record the barometric pressure.

It necessary, increase the frequency of the output grain sampling to provide at least 12 samples evenly distributed
over the tes{ period.

During the [test period’ manually record measurements from any sensors which are not being fecorded
automatically, e.g. airflow and electrical energy.

At the end pf-the test period divert the output grain back to the discard store and read the final vaIuesi on any

integrating measuring-instruments:

Determine the mass of grain discharged during the test period.

9.1.4 Further test periods

Make any adjustments to the drier settings required for the next test run and repeat the steps described in 9.1.2 and
9.1.3.

9.1.5 Upon compietion

Determine the mass of grain remaining in the drier by weighing the grain when emptied from the drier.

10
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9.2 Batch drier procedure

9.21 Startup

Fill the drier with damp grain and record the drier holding capacity.

During filling take grain samples as described in 8.2.

Time the filling.

Record the initial values of any integrating meters, e.g. monitoring fuel or electricity consumption.

Record

9.2.2 Test period

Set the required drying air temperature using the manufacturer's installed proprietary equipment.
Unless dutomatically determined, set the cooling period according to the manufacturers' recommendatigns.

If an autpmatic method for determining the end of drying is provided, set the target moisture content tq correspond
to an appropriate moisture.

Start thel drier according to any recommended procedures of drier manufacturer.
Thereafter no adjustments shall be permitted unless part of normal.drier operation.

If no aufomatic facility is provided, continue drying for a period corresponding to an appropriate red{iction in the
average|moisture content of the batch.

If an autpmatic facility is provided, allow it to terminate'the drying phase.

During the test period, manually record measurements from any sensors which are not beimg recorded
automatically, e.g. air flow and electrical energy.

At the er of the drying period record the time and the values of any integrating measuring instruments.
Record {he length of the cooling peried, if any, and the final values of any integrating measuring instrumgnts.
Empty the drier and sample the-grain as described in 8.2.

Measurg the time takento complete the emptying.

Determine the mass\of grain in the discharged batch.

9.2.3 Further test periods

Make any adjustments to the drier settings required for the next test run and repeat the steps described in 9.2.1 and
9.2.2.

10 Calculation of results

10.1 Serial data

Calculate the mean, standard deviation and standard deviation of the mean of data which were recorded regularly
during the test.

11
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10.2 Continuous-flow driers

10.2.1 Mass flow of grain
Calculate the mass flow of dried grain at the drier exit, m, from

m'f = mf/t

10.2.2 Residence time

Calculate the residence time, 7, from the mass flow rate and measured capacity

T= G/m"
or from the yolumetric capacity and the bulk density of the grain
T= Vpgifm'y

NOTE — THe value of 7 is not required to great accuracy as it is only used to identify input samples((see 8.2.3).

10.2.3 Input moisture content

Once the rgsidence time, 7, is known, identify the input samples corresponding“to the steady-state output and
average to give M.

10.2.4 Evaporation rate

Calculate the evaporation rate, E’, from the mass flow of output grain‘and the change in grain moisture content from
E’=m'y(M; ~ M;)/(100 — M;)

Calculate the evaporation mass, E, from
E=E"t

Estimate the uncertainty in accordance with B.4:1.,

10.2.5 Elegtrical energy consumption

If the current, voltage and power factor were measured, calculate the electrical power, P,, from

P, = Ulicos ¢+/3

where U, I Td cos ¢ are the-mean values over the test period computed in 9.1.3.

Calculate the electrical.energy consumed, W,, from

We = Pelt

10.2.6 Thermal energy consumption

The method of calculation of thermal power and energy shall depend on the method of heating.

10.2.6.1 Direct heating

Irrespective of the fuel used, calculate the thermal power, P,, from
Py=FH

and the thermal energy, W,, from

12
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10.2.6.2 Indirect heating

Where the heat exchanger is an integral part of the drier and the objective is to determine the overall efficiency,
calculate the thermal power and thermal energy by the formulae of 10.2.6.1.

Where the heat is supplied to the heat exchanger from an external source or where the objective is to determine the
efficiency of drying independently from the efficiency of the heat exchanger, calculate the thermal power, P, from
the heat lost by the heating fluid

Py = Xn(6hi — Ont)en

and the thermal energy, W;, from

Wt + Ptt

If this method is not suitable, the method used shall be described in the report.

10.2.7 [|Specific thermal energy consumption

The hedt used, Q, to evaporate a unit mass of water is given by
Q = Wt/E

Estimate the uncertainty in accordance with B.4.2.

10.2.8 |Specific total energy consumption

The total energy, S, used to evaporate unit mass of water.is calculated from the sum of the thermal and electrical
energie$ divided by the evaporation

S ={(We + W,)/E

Estimatp the uncertainty in accordance with B:4:3.

10.3 Batch driers
10.3.1 |Evaporation
Calculate the evaporation;.E, from

E Inf(Mi—Mf)/(100—Mi)

Calculate the mean evaporation rate, E’, from

E f E/td

NOTE — This formula attributes any evaporation during cooling to the drying phase.

10.3.2 Electrical energy consumption

Calculate the overall energy consumed, W,, from the power in drying and cooling phases from
We = (Pegtq + Pectc)

where

tg+te=t

13
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10.3.3 Thermal energy consumption

The method of calculation of thermal power and energy shall depend on the method of heating.

10.3.3.1 Direct heating

Calculate the thermal power, P,, from
Pt = FH
and the thermal energy, W,, from

Wt=P‘t

10.3.3.2 In]Iirect heating

Calculate the thermal power from the formula given in 10.2.6.2.
Calculate the thermal energy, W,, from

Wi = Pyt

10.3.4 Specific thermal energy consumption

The thermal energy consumption shall be calculated from the formulae given in 10.2.7.

10.3.5 Spegific total energy consumption

The specific pnergy consumption shall be calculated by the formula given in 10.2.8.

10.4 Correction to standard conditions

Correct the results to standard conditions as defined in annex A and in ISO 11520-2.

11 Test neport

The test repgrt shall include the-following:
— aspecification of the drier on which the test was made, including all information recorded in 7.1;

— adescription of-the installation with details of any aspects which are likely to have affected the performpance of
the drier]

— aspecification of the fuel used during the test stating its type, calorific value and temperature;
— aspecification of the input grain as defined in accordance with ISO 11520-2;
— atable of results which summarizes the performance of the drier.

A specimen report is given in annex E. Additionally measured data, graphs and other calculated data may be
included in the report.

14
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Annex A
(normative)

Correction to standard conditions

A.1 Limitations

For purposes of comparison and rating it is usually necessary to derive from the observed results an estimate of the
likely performance of the drier at specified conditions of grain and air. Because of the complexity of the interactions,

the accuracy of correction is difficult to quantify but will reduce as the range, over which the correction is made,
increases.

A.2 Air density

Air dengity shall be corrected so that the corrected fuel consumption can be calculated. Fuel cohsumption is
proportional to mass flow of air which depends on air density at the fan(s). Air density depends amongst pther factors,
on baroinetric pressure and on air temperature. These two causes of density change.are dealt with separately.

A.2.1 (Change in density with barometric pressure

Calculate a correction factor, g4, from

&1 F Pos/Poo

A.2.2 |Change in density with air temperature

In drierg with a given fan and constant rotor speed, the‘volumetric airflow will remain substantially cpnstant for a
given system of airways and grain resistance, but thesmass airflow will change in direct proportion to changes in air
density pt the fan. Depending upon the position of the fan(s) in the air path the temperature at which to|evaluate the

air densllty may be that of ambient, drying or exhaust air.

Calculate a correction factor, go, from
8> ¥ (6, + 273)/(65 + 273)

NOTE — Where the fans are pumping air at exhaust conditions, calculation of 6, is complex and it is unjikely to differ
substantjally from 6,. In this caseyit\s reasonable to assume, g, = 1.

A.2.3 |Calculation of corrected density

Calculate the corrected density, ps, using the correction factors, from

Ps F Po8182

A.3 Power, energy and fuel consumption

A.3.1 Electrical
Neglecting power consumption of mechanical components other than fans, the change in electrical power will be in

the drive to the fan which will vary in proportion to air density. For a continuous-flow drier calculate the corrected
electrical power, Pgg, from

Pes = Peo(Ps/po)
and corrected electrical energy consumption, W, from

Wes = Pestt

15
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For a batch drier, calculate the corrected electrical power consumption during the drying phase, Pgq, from

Posd = Pood (Ps/Po)

and total electrical energy consumption, Wy, from

Wes = (Pesdds + Peocfoc)

NOTE — This formula assumes that the cooling process is not affected by the change in drying conditions.

A.3.2 Thermal and fuel

A.3.2.1 Dirpct heating

Calculate the fuel consumption, F;, adjusted for the changes in mass flow, temperature at the drier inlet and
ambient temperature from

Fg = Fo(ps/Po) (Bis = 6as)/ (Bio — 6a0)
Then correc} the thermal power consumption, Py, using
Ps=FH
and correct the thermal energy consumption, W, for a continuous-flow drier using
Wis = Pyt

or for a batch drier using

Wis = P tq

A3.2.2 |nIrect heating

Calculate the corrected thermal power consumption, Pys, from

Pys = Py (ps/Po) (Bis = Bas)/ (Bio — 6a0)
and the cor[ected thermal energy, W;s,-for a continuous-flow drier from

Wis = Pist

or for a batgh drier from

Wis = P

sld
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Annex B
(informative)

Estimation of uncertainty of derived measures of performance

B.1 Uncertainty

Uncertainty about the accuracy of a measurement or derived quantity exists because measurements are subject to
random and systematic errors. Provided the errors are small and numerous then their combined distribution, can be
assumed to be distributed normally about the mean and the uncertainty can be expressed in terms of the
characteyistics of the normal distribution, i.e. the mean, the standard deviation and the experimental standard
deviation of the mean.

B.2 Definitions
B.2.1 ean value

If a variaple Z is measured several times, each measurement being independentof-the others, then the mean value,
Z, of n measurements is given by

S b
z=;z12,. ...(B.1)
i=

B.2.2 S$tandard deviation

The dispersion of the observed values of Z about thé’mean, Z, is characterized by the experimental standard
deviation), s, which is given by

s=Jn1_12(z,.-Z)2 ...(B.2)
i=1

B.2.3 Experimental standard-deviation of the mean (SDOM)

The deviation of the observed-mean, Z, from the true mean of the population can be estimated from the dispersion

of the mpasurements about'the observed mean value by the experimental standard deviation of the mean (SDOM),
s(Z), which is defined'as

n(n

) =\/ 1_1) Y (-2 =s4n ... (B3)
i=1

Provided the precision of the technique and the apparatus used for a measurement are not changed, then the
standard deviation will not change significantly no matter how many observations are taken. On the other hand the
experimental standard of the mean depends not only on the precision of the technique but also on the number of
observations in the sample, i.e. the random error of the mean of n independent measurements is Jn times smaller
than the random error of individual measurements.

In many cases, repeated measurements of the variable Z are either not available or are not taken because a single
reading may be considered adequate. Time is an example; a single clock or stop watch can time steady-state
periods of an hour or more to within a few seconds or about 0,1 % (the accuracy is limited by the human operator
not by the instrument). Relative to other measurement errors this is likely to be so small at to be negligible.
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However, there are other variables, e.g. total fuel use, where the precision of the instrument may not match that of a
clock but where a single measurement has to suffice. In such cases, some estimate of the uncertainty is often
expressed by a figure for accuracy which may reasonably be taken to be two standard deviations about the mean
and since only one reading is taken, i.e. ¥ =1, then the experimental standard deviation of the mean may also be
taken to be one-half of the accuracy value. If this assumption is made it becomes possible to make some estimate
of the likely contribution made by errors in measuring individual variables to the error in the derived measures of
performance.

B.2.4 Combination of experimental standard deviations of the mean

To asses

S Wﬂn&d—aﬁmﬁﬁeﬂm—m—smaa—mmmmmm ssary to
determine gn overall SDOM from those of the separate measurements involved.
If the measlire of drier performance to be derived is denoted by y then it can be expressed as a_certain fuynction of
the various |ndependent variables, x4, xo, ..., X
Y =flxq} x2, ..y xp) ...(B.4)
It the expgrimental standard deviations of the means of the variables are s(), s(X,), ..., s(¥;), then the
experimental standard deviation of the mean, s(y), of the derived performance medsure is defined as:
2 2 2
— oy ,_ oy _ oy _
=Jl| =— + | — + ..+ | — ...(B5
() ‘/ ( o s(on ( 2xs S(xz)] ( o, s(xk)] (8.5)
where ﬂ, Q, ﬁ are patrtial derivatives.
X4 é’xz ﬁxk
B.2.5 Copfidence limits
For a given| probability or confidence level, the upper and lower confidence limits are given by (y + 8) and (y — 8)
respectively where § is the product of the SDOM and the value of Student's distribution, ¢, appropriate to the
probability ¢r confidence level required and the-number of degrees of freedom, and is given by
& =s(3) ... (B8)
B.2.6 Derrees of freedom
The number of degrees of freedom, v, is the number of independent terms which were included in the calcllation of
the sums of squares. For.a-straight mean of n observations it is (n — 1). For the SDOM of a quantity, which has been
derived frorh measurements of separate quantities, an “effective number of degrees of freedom”, v, is given by the
following approximate-formula
2
. f 5 J c(?l.)\
1 X;
1 _v\ ,_2) ... (B7)
Vet ;o1 [sON;
2
oy _
k 53- s(x;)
=y =] = ...(B8)
=il sO) v;
k2
= ZC—‘ where ¢, = —é’-—}is(ii) /s(¥) ... (B.9)
o1 oxi
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NOTE — This equation will generally yield a real number which should be rounded down to the next integer value. Also v is
mainly determined by the component having the largest value of the quantity c?/v, and minor components have, in many cases,
very little influence on v Thus although the estimated standard deviations of single value measurements should be included
in the calculation of overall standard deviation for a derived variable, if their relative contribution to the overall value is small,
they may be ignored in the calculation of the effective number of degrees of freedom. If their contribution is large, an estimated
equivalent number of degrees of freedom is 50 since the assumption that the standard deviation was one-half of the instrument
or method accuracy implies a value of ¢ which is equivalent to 50 or more degrees of freedom at the 95 % level of probability.

B.3 Example of pooling errors in the measurement of a single variable

As an example, consider a drier test in which, the mean, standard deviation and experimental standard deviation of

the mearroft2Teadings of output moisture content were 16,34, 0,152 and 0,043 9 % m.C.W.D. respectivély.

Considenng this result on its own, there are 11 degrees of freedom for which the value of ¢ at‘the 95 % level is
2,228. Therefore, the 95 % confidence limits are

2,228 x 0,043 9 = + 0,098 % m.c.w.b.
Since eath of the 12 values of moisture was subject to some error during its determination in the labora ry. For the
standard|oven method used, the result of a properly conducted test should fall within a maximum range of 0,15 %
m.c.w.b. (i.e. £ 0,075 %) and therefore equivalent to a standard deviation of the'mean equal to 0,037 5.

Pooling this error with the sampling error, the combined standard deviatior.of the mean from equation (B.5) is

V(00037 50)2 + (0,043 9)2 = 0,057 7

Since thg additional error is quite a large proportion of the combined value it should be included in the calculation of
Veff» i.e.

2 2
LL(o0875) 1, 00439} 1 _ 00610 ... (B.10)
ver [ L00577) 50 (0,0577) 71

Thereforg, ve; = 16
At 16 degrees of freedom, ¢ = 2,12, therefore the 95 % confidence limits are + 0,122 % m.c.

If the number of samples takenhad been increased to 24 then the standard deviation of the mean |could have
reduced fo 0,152 /+/24 = 0,0810 and the pooled error from equation (B.5) would be equal to 0,048 67. Tlhen

2 2
1L (0.0875 ) (00310) 1 _ o0, e
Vett | 0,0487,50 10,0487 23

Therefore, vg = 33

for which7="2,04"and thus 95 % limits are 0,099, Which is about the same as the limits on the original 12 samples

only, i.e. in this example, it is necessary to double the number of samples to counterbalance the moisture method
error.

B.4 Calculation of the standard deviation of the mean of derived variables

B.4.1 Evaporation
From 10.2.4, and omitting unnecessary subscripts, the mean evaporation for a continuous-flow drier is given by

E=m(Mi—Mf)/(100—Mi) “e e (B12)
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There are three variables and the relative standard deviation of the mean can be approximated from equation (B.5)

as

S(E)
E

ZJ[

2E s(m)
ém E

OE S(Mi)
oM, E

OE s(My)
oM; E

RESRES

which by differentiation of individual terms on the right-hand side gives

s(E)

[

oY
=

s(m) (100 — M;)

E

From 10.2.]

Q = FH

Then, from

approximat

5
0

Q

From 10.2.

S =

=J(

B.4.2 Spegcific thermal energy consumption

=J(

and reduces to:

(W + W) _

)+K o) + | g 00

m (100 — ;) (M; - My)

J

f, the specific thermal energy consumption for a directly heated continuous-flow drier is given by
t(100 — M;)/[m(M; — M;)]

equation (B.5), the relative standard deviation of the mean’of the specific thermal energy const

-]

22 s(F)
oF Q

20 s(m)
om Q

90 s(M;)
oM, Q

90 s(My)
oMy Q

(Pyt+ FHt) (100 — M;)

(Fot+ FHt)

E

E

m(M; — My)

By similar arguments it can be shown that the experimental standard deviation of the mean is given by

s(8)
S

20

i
(M; - My)

1 2 (1 2 o1, 2 1 2
‘/(; S(F)) + [?e- S(Pe)] + (7 s(m)) + [( S(M )] ((M_—M'—) S(Mf))

.. (B.13)

.. (B.14)

.. (B.15)

mption is

.. (B.16)

.. (B.17)

.. (B.18)

.. (B.19)
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B.4.4 Example of pooling errors in the measurement of several variables

Assume that fuel is measured to within £ 2 %, then s(F)/F =1 % = 0,01; power is measured to within + 1 % then
s(Pg)/Pg=0,5% =0,005; mass is measured to within +0,1% then s(m)/m=0,05% =0,0005, then the
experimental standard deviation of the mean of the specific total energy consumption is given from equation
(B.19) as

% =y (0,01)2 + (0,005)? + (0,000 5)2 + (moisture terms)?

...(B.20)

= I (0,01119)% + [
Y

[\
v L

Let M; - M;=5,0

Assume that the range in s(M;) and s(M;) may be from + 0,04 % to £ 0,2 %. Therefore,
s(M){(M; — M)

may range
(0,04/5)2 = (0,008)2 to (0,2/5)2 = (0,04)2

in the wqrst case,

s@)|_

INnN44 40\
— =y Wil i)

and from equation (B.7)

2 2 2
(001119} 1 + 0,0400) 1 + 0,0400) 1 - 0,0883
0,0677 ) 50 (0,05677) 11 .{©0,0577

Vott | 1

Thereforg, with an effective number of dégrees of freedom, v = 11 giving a value of ¢ = 2,201 at a grobability of
95 %, the uncertainty in the estimation'of the specific total energy consumption is:

10,057 7 x 2,201 =+ 0,127
=+12,D%

Similarly| in the best case;

s_(ss‘) =V (001119) + (0008)° + (0008)° = 00159

N2 2

1 {0119y +—{6,0086)°1
Bl 5 S B gy B = -0,0559
vor L 0,0159 ) 50 (0,0159) 11 (0,0159) 11

vt = 17 for which ¢ =2,11 at the 95 % level of probability, and therefore the uncertainty in the estimation of the
specific total energy consumption reduces to

+0,0159%x2,11=+0,0336
=*3,36 %

Table B.1 below shows the effect on the uncertainty of varying the moisture removal (M; — M;). The 95 % confidence
limits increase non-linearly as moisture removal is reduced and, in the worst case, become unacceptably high at
values of (M; — M;) less than 5 %.
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Table B.1 — Effect of moisture removal on the uncertainty of the estimate of specific total energy consumption

Moisture removal, (M; — M) 95 % Confidence limits
% m.c.w.b +%
Best case Worst case
10 2,05 7,45
5 3,36 12,7
4 3,89 15,8
2 7,45 31,2
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Annex C
(informative)

Checklist

C.1 First visit on site

C.1.1 Facilities

Check the following facilities:

C.1.2 Drier specification and capacity

Check that the drier is in good working order. Make a;record of the drier specification (see annex E).

C.1.3 Measurement of fuel consumption

Check that the measuring system is dependent on the energy source for the air heater.

C.1.3.1 [Liquid fuels
C.1.3.1.1 Continuous-flow.methods
If the fue| supply system'is equipped with a “return” line, the sensor should be installed after the return |

measure|only the fuebactually consumed by the heater. A less accurate method is to install two sensorg
return, a

C.1.3.1.2 ‘Batch methods

ISO 11520-1:1997(E)

grairf dampening facilities (water supply, clean surface or hopper for grain mixing, bucket loader);
weighing facilities (weighbridge of portable weighing facilities, calibration facilities);

electricity supply (one- or three-phase supply, tension and current capacity, connectionpoints for
for ppwer measurements, connection point for measurement on drier alone);

site for housing of instruments (distance from drier, length of sensor cables, risk of-electrical interferrnce);

storgge (trailers for transport, distance to, and capacity of, storage facilities for both wet and dry gra
storgge for grain subjected to thermal damage);

grairp handling system (means to divert grain flow for weighing during test, capacity of augers or cq
feed|ng and discharging grain, absence of grain leaks, access pointfor grain sampling);

sensgors (number of sensors, wire lengths, suitable positions fortemperature, humidity and pressure|

heating system (fuel type and system of supply, location of measuring devices, direct or indirect heatin

nstruments

n, separate
nveyors for

Sensors);
j of dry air).

ne so as to
, one in the

hd one in\the flow, line. The consumption is then calculated by subtraction. Make sure the semfsor will not
restrict the fuel.supply by causing a large pressure decrease.

The mass of fuel consumed may be determined by weighing, or measuring the density and volume of, a supply
before and after the test. Preferably a small temporary fuel container with well defined volume/area should be used.

C.1.3.2 Gaseous fuels

The consumed mass of gaseous fuels can be determined by measuring volume and density at the start and end of
the test. All measurements must be corrected for derivations in temperature and pressure.

C.1.3.3 Solid fuels

Weighing the fuel consumed is the most suitable method.
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C.2 Off-site preparations

C.2.1 Grain quantity

Calculate the quantity of grain with the aid of the equation given in 7.2, taking into account drying conditions and the
number of tests. For continuous-flow driers also consider output rate and duration of tests.

Check that the capacity of the grain handling system (mixing-dampening, augers-conveyors, storage-transport) is
adequate.

C.2.2 Grain quality

Record the|grain specification according to E.4.

C.2.3 Sepsors and measuring sysiem

Decide which measuring system is to be used and check that sensors/devices are adequate in number and
accuracy fgr the following measurements:

— temperature of ingoing and outgoing grain;
— air temperatures (drying, cooling, exhaust);
—  air humidity;

— barometric pressure;

— fuel copsumption;

— electrigal energy consumption;

— moisture content (rapid meter);

— grain mass;

— static pressure;

— humidity of outgoing air;

— airflow,

NOTE — When the drier is operating, sensors will experience considerable buffeting. In open areas of plenum chambers and
ducts it is ngrmally necessary to install tightly stretched wires to which the sensors may be fixed.

C.2.4 Grain sampling

Consider where moisture-content and germination tests will be performed. Consider whether samplés will be
bulked, stofed or dried.

Check that|sample dividing equipment and the necessary containers are available. Containers will be needed for:

— grain temperature samples (insulated containers);
— moisture content samples;
— other samples as described in ISO 11520-2.

C.2.5 Uncentainties

Check the uncertainties (see annex B).
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Annex D
(informative)

Air flow measurement and calculations

D.1 Measurement of air flow

It is not obligatory to make direct measurements of the air flow into or out of the drier. However, the evaporative
capacity of a drier is strongly dependent on the flow of heated air through the grain and it is important to determine
this flow 2 ately if a compute imulation of the drier test is to be done—Some—direct—method of air flow
measurement may obstruct, and thus reduce, the air flow, but where there is a choice of methods it'is |considered
more impprtant to measure air flow accurately than to avoid obstruction, as performance under normal ajr flows can
later be dorrected using methods in D.3. Because of the difficulty of measuring air flows in grain driers,|both direct
and indir¢ct methods should be used.

D.1.1 Direct measurement
The method used should follow ISO 3966 or ISO 7194. Where this is not possible because of the physical
characterjstics of the air paths the test report will contain notes to this effect. Depending on the design ¢f the drier,
the air to pe heated may enter the drier together with any air to be used for coaling or the streams may bl separate.
It the streams are separate, both will be measured. If combined, the medsured flow is ascribed to the|drying and
cooling sections by a method given in D.2 which is based on the medsured static pressure drop acrosg the drying
and coolihg sections. If direct measurements of air flow are to be made using pitot static tubes, holes iy duct walls
may be required for insertion of the tubes.

If standatd inlet cones conforming to ISO 3966 are used, to measure the total air flow directly, measurements of
static prgssure drop across the grain bed are made with and without the device in position to defermine the
reduction|in air flow which it causes.

NOTES

1 Correclions to the air flow can be made using-the method in D.3.

2 Where no duct of regular shape is available, or the flow is fluctuating or swirling or with a very non-uniform velocity profile,
point meagurements may still be used-but'with significantly reduced accuracy. Errors in these cases are likely to| be so large
that secondary methods of calculating'the air flow are preferred.

3 Air supplied to the burner for-combustion of fuel may also pass through the grain in direct fired driers. If this ajr is not also

passing through another aif-flow measuring device, it is either measured, or calculated from the fuel composition by
stoichiomgtric methods.

D.1.2 Indirect:measurement

Heated a|r@ass flow rate, g, is calculated from

dm = nFoH/[Cpa(ed - 6,)] ...(D.1)

This formula includes the efficiency with which the heater converts the fuel calorific value into heating of the air. It is
not within the scope of this International Standard to calculate the thermal efficiency of the heater, but if a value of 7
is known, the accuracy of the above formula will be improved. Otherwise a value of n = 1 shall be assumed. In the
case of a heat exchanger supplied with heating fluid from an external source calculate the thermal power from the
formula given in 10.2.6.2.

If an accurate curve of fan static pressure versus air flow is available, measurements of static pressure rise across
the fan, made in accordance with 7.3.4, may be used to determine the flow through it. Adjustment should be made
for any difference in density between the air used to derive the curve and the test air conditions.
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D.2 Derivation of formulae for apportioning air volume flow between drying
and cooling beds of a drier

The relationship between the air superficial velocity, v, through a packed bed of grain and the pressure drop, p,
across the bed can be approximated by
v=(plid)J (D.2)
or
v = k(pld) (D.3)
where k = (1/i)J
Now, the dfying air volume flow rate, g,4, can be expressed as
9vd = Vifg
Substituting for v from equation (D.3)
J
P
Qya = fak(—d) ... (D.4)
A,
Similarly for the cooling flow
J
P,
dye =fck[—°) ...(D.5)
dc
Dividing equation (D.4) by equation (D.5) gives
q IAITTAY
v _ _a]( a ] ...(D8)
Ayc Je J\ Pcdy
hence
Ja \( Pade g
vd vc( f;, Pe dd ( )
The drying|air volume flow rate, 4,4, is also given by
9vd = 4vn ~ 9vc ...(D.g)
hence, by equating and réarranging equations (D.7) and (D.8)
q
Ayc =7 L i .(D.9)
o) 2]
4+ | — —
f;\ pr- drl
N ]
Similarly
q
L ...(D.10)

dyg = ;
Mo
fa )\ Pade

1) Matthies and Petersen, Transactions of the American Society of Agricultural Engineers, 1974, 17 (6), pp. 1144-1149.
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Thus if in the total flow, the pressure drops across each bed and the relative depth of each bed are known, the total
air flow can be apportioned between the drying and cooling beds.

This derivation ignores change of air velocity with air density when the temperatures in the two grain zones differ,
but this is reasonable as other factors are also ignored, for example

— pressure drops other than those due to grain beds;

— the effect of non-linear flow;

— the fact that equations (D.2) and (D.3) are valid for near-ambient temperatures.

Values of
reasonab

Note that
number
complete

le results.

for a mixed-flow drier the area of the exposed grain face at the point of air entry is’ proport
f complete (whole plus half) inlet ducts. Therefore, to evaluate f./fy only the ratio of the
ducts needs to be calculated.

D.3 EiIect of the standard inlet cone on air flow

If the sta
cone, the|

Vu=

where th
calculate

C pressure drop across the grain bed is measured with and without the flow restriction caused
restricted air velocity, v,, can be calculated from

r(Pu/Pr)j

e subscripts are r and u refer to restricted and unrestricted cases respectively. The mass
i in the same way, since it can be assumed thatair density changes between the re

unrestricted cases are negligible.

D.4 Humidity of exhaust air

The hum
air flow u

dity of the exhaust air may be usefulto-determine the degree of exhaust saturation and to cros

may be

Care sh

7 . Forwheat, barley and oats, a value of 0]75 will give

jonal to the
number of

by the inlet

...(D11)

r flows are
tricted and

-check the

5ing the measured moisture loss from the grain. If the exhaust air passes through a fan the ovetall humidity

easured by a single sensor located downstream of the fan which acts as an air mixer. If no far} is present,
the sensgr should be located as far downstream as possible to allow air mixing to occur. Care should bé taken that
no air enfers the exhaust stream and that no condensation of moisture occurs between the drier and fthe sensor.
Id be taken to protect the sensor from dust and fine particles in the atmosphere near the drief, especially
in the exhaust air. The exhaust-air may be close to, or at, saturation, and sensors may need to be pre-heated before
insertion [to avoid condensation forming on them. Sensors may be required to operate in air conditi
saturation. If the sensor.requires a restricted or controlled air flow, any system used for extracting air from the
exhaust gtream shall.not allow the extracted air to lose moisture by condensation, or allow the ingress of|other air.

s close to
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Annex E
(informative)

Example format for test report

E.1 Specification of drier

E.1.1

E.i.2

E.1.3

E1.4

E.1.5

E.1.6

E.1.7

E.1.8
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MK . ... cectte e et e ee s e eee e e s e e e s r et e e ee s e e e ar e e e eee e e b a e e e e e seera——at et s se ettt aaneeeseeaeaaaeaasaneeneeeeeeaasaeaaannnnaeeesaasannns

MGAdEl @NA YEAT: .....coreiriiiitii it e sa e e e e b sne s s e gEOSTA e e

Ty,

Continuous [J Batch [0 Grain recirculation [J Air recirculation [J Other T

S

(1)

MEANUFACTUIET: ....eeeeeeieeieeeeeeee ettt eeecene e e e s s s esasereseseesensessessentonehareressssassssessnnssnessessesssnssnnnneeesres

Gr,

Drier:

Ca

De!

FIAL MUMDET: .ottt r e reeeeeeeeeessreseesessssessessessssans s IeiTereeeseeesesesessesesssssnnsnesnnn

hin chambers

1477 ¢ L= TE=] T T o T S < SO TSR
(=T aTo1 g IK (o =g 0T (=1 o SO o S BT
7= ) o OO OO
width (grain column thiCkNeSS): ..l .ot s

=T}V o] oY1 (W03 (L] 4 N (o (1T =Y (o AN R RORRRRRRRIN

oler:
BYPE, SNAPE: ... e e e s st st e e e et et e enesnen]
IENGE (QIAMELEE) ...ttt e e st st e s e et e saeseeesaneseeseeeseesnesneneed
NEIGNT: it e a e s e b e e b e e be st s nesareaned
width (grain column thiCKNESS): .....cccvirririeieicececteeceee ettt et
any ObSIrUCHIONS (AUCES, BC.): ....cicieeiirereiciserer e s b et s b st ee e e e

Capacity

Volumetric grain holding capacity (wet volume in case of batch drier): ............ccooeveeeeeeeeeeeeeeeeeeeeveeenn m3

Grain discharge

Metering device:

S A o= O OO O P R SR SRR SRUR

number of elements:
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